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Outline

• Status of the experiment
 People and responsibilities

• CDF activities
 Service work

 PerfIDia
 Code management and code migration

 Physics analysis
 Very Exotic Processes
 Search for LeptoQuarks
 Top Quark Mass and Cross Section
 B-barions studies

• Miscellanea (talks, presentations)
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CDF Status

The experiment is doing very well
Data are accumulated at fast rate continuously
The machine and the detectors are performing very well 

systematic uncertainties are very well under control 
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CDF Status

• Measurements are becoming very precise
 Top quark mass known with precision < 2%

• New analyses are now looking for the
needle in the hay stack
 low cross section phenomena
 The search for Higgs
 Physics beyond the Standard Model

Tufts has been an institution member of the CDF collaboration since the early beginning
(K.Sliwa, S.Rolli, B. Whitehouse, M. Hare, A.Napier)
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CDF Service Work

• Tufts has had several specific software
responsibilities over the years:
 evtNtuple (SR)
 TRGSim++ (SR)
 PerfIDia (SR)
 Offline Release Coordination (SR)
 PSM - Power Supply online Monitoring (B. Whitehouse)

• and general tasks to fulfill
 Shifts (ALL)
 GodParenting Committees (none in 2009)
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CDF Physics Analyses

• Top Quark cross-section and mass measurement
 Ben Whitehouse and Krzysztof Sliwa - measurement of the top cross

section using a Supporting Vector Machine
 Matt Hare and Krzysztof Sliwa - measurement of the top quark mass

using Dalitz-Goldstein method

• Exotic Searches
 Simona Rolli, Gabriel Dunn - Searches for 1st and 2nd generation

Leptoquarks
 Simona Rolli at al.

 VEP group analyses:
• Z’ searches
• Multijets bump searches
• Anomalous events in MET + jets
• Fermiophobic Higgs in 4-γ final state
• Search for W’ in e-ν

Next talk
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CDF Physics Analysis (cont’d)

• Studies of Λc (A.Napier)
 There have been recent observations of resonant states in the decay of

Λb→ Λcπππ

 Motivated by these studies Austin intends to address the following
topics:



Service Work
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evtNtuple

2001-present

COT Tracks

Global info:
Run/evt number
Trigger bits

Event information is
translated into ROOT
branches:

High Level Objects
Trigger Information
Raw Data Information
Simulated information

eN has been one of the
analysis tools used in
CDF until recently

http://ncdf70.fnal.gov:8001/talks/eN/eN.html
S.R.,A.Yagil, C.Ferretti
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TRGSim++

2000-present (Simona Rolli)
set of   (C++) packages which emulate the various trigger
levels decision steps (CDF trigger is fully digital)

offline tool to calculate rates and efficiencies;
online monitoring tool.

TRGSim++ modules run off detector raw data and produce emulated trigger
data identical to real hardware data.
Trigger decision steps: A_C++ modules,
organized in packages:

CalTrigger
MuonTrigger
XFTSim
SVTSim
XTRPSim
L2/L1GlobalTrigger
TriggerMods
TriggerObjects

http://ncdf70.fnal.gov:8001/trigsim/trgsim.html
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PSM monitoring software

Online software to control Power Supplies and monitor their operations.
Running in Control Room at all times.

Ben Whitehouse has been the main responsible person until March 2009:

Since inception :
• He has  updated the whole software converting it over from Visual Basic 6 to
Visual Studio 2005 visual basic when the machine was updated to Windows XP (from
NT).
• Many cosmetic updates to software interface on Voltman PC (ie Shows Power
supply type)
• Update web scripts to plot voltage histories when the online webserver was
replaced.
• Changed / Created new PS "types" to only alarm on voltages from the supplies
that are actually used (rather then any that goes out of tolerance on the supply).
• Been the PSM pager carrier until Spring 2009 .
• Updates to the software that are required when there are (additions / changes /
removals) of Power Supplies from the system per OPs requests.
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PerfIDia (Performance and ID instant answer)

Some aspects of all analyses are in common:
lepton ID efficiency,
reconstruction,trigger
Jet Energy corrections
B-tagging Scale factors
tau reconstruction
……

We are providing a common software framework which incorporates all the
relevant piece of code and produces output tables, plots and documentation
on the web for every new batch of processed data.
One coordinator (SR) and several experts on call

2007-present (Simona Rolli)
Much of the  analysis infrastructure at CDF is now run in an automatic way to
guarantee smooth results delivery in the final years of the experiment
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PerfIDia (cont’d)

• Automatic tool to check data stability (high PT Leptons)
 All code in one common place (cvs)

• TopNt and StNtuple produced shortly after Production data is
available: target 4-6 weeks after Production. Turnover rate ~2.5
months.

• The ID code is launched to validate the new ntuples and determine
the various efficiencies and SF
 Dependency on several tasks:

 Good Run List
 Skimmed Data (to avoid large volumes of files)
 …

• Output is  posted as plots and tables onto PerfIDia web page
• Joint Physics group does the final sign off
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Typical timeline for result
production
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Example: Electron ID
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Example: Electron ID
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CDF Code migration

• Since 2008 - Simona Rolli -software migration
validation

• CDF software releases pretty much stable
 A few hurdles to fix yet:

 MC release to be brought up to date with data release
• Simona Rolli , C.Vellidis (Athens), R.Tesarek(FNAL)

 OS migration (SL3 to SL4 and SL5)
• Simona Rolli  ,L.Garren (FNAL),J.Bellinger (UW Madison), S.

Lammel (FNAL)
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Code migration (cont’d)
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Common tasks

Shifts:
S.R. SciCo shift Jan 2009
K. Sliwa SciCo shift May 2009
A. Napier CO shift Feb 2009
B. Whitehouse CO shift Feb 2009
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Talks and Presentations

Simona Rolli, BNL Forum, BNL, November 2008
 Recent Results from the TeVatron

Simona Rolli, Cipanp09, San Diego, May 2009
 Results on searches for new physics at the TeVatron

Simona Rolli, Fermilab Users Meeting, FNAL, June 2009
 Searches for physics BSM at the TeVatron

Krzysztof Sliwa, XLI I I Rencontres de Moriond, La Thuile, Italy, March 2009
Chairman of the Top Mass Session

Krzysztof Sliwa, EPS 2009, Krakow, July 2009

W & Z boson production at CDF



Physics Analyses
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Searches for LeptoQuarks
• Leptoquarks (LQ) are hypothetical

particles which appear in many SM
extensions to explain symmetry
between leptons and quarks
 SU(5) GUT model
 superstring-inspired models
 ‘colour’ SU(4) Pati-Salam model
 composite models
 technicolor

• Experimental evidence
searched:
 indirectly: LQ-induced 4-

fermion interactions
 directly: production cross

sections at collider experiments

•LQs are coupled to both
leptons and quarks and carry
SU(3) color, fractional electric
charge, baryon (B) and lepton (L)
numbers

•LQs can have:
–spin 0 (scalar)

•couplings fixed, i.e.,  no free
parameters
•Isotropic decay

–spin 1 (vector)
•anomalous magnetic (kG) and
electric quadrupole (λG) model-
dependent couplings

–Yang-Mills coupling:   kG= λ G=0
–Minimal coupling:  KG=1, λ G=0

–Decay amplitude proportional to (1 + cosθ*)2
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LQ at Hadron Colliders
• Pair production

 Practically
independent of
Yukawa coupling λλ
(only g-LQ-LQg-LQ-LQ vertex)

 Depends mainly on
LQ massLQ mass

    qq→LQ LQ                        gg→LQ LQ-

Exclusive to the Tevatron
Decay

● Each generation can
       decay into 3 final states:
        β = Br (LQ→lq)
                                    β = 1

                                   β = 0.5

                                    β = 0
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LQ at CDF

Tufts is the primary institutions doing LQ searches in RunII:
• 1st gen, eeqq, eνqq + combined result (Simona - PhysRevD72 2005)
• 2nd gen:µµqq,µνqq  + combined result (D. Ryan,S. Rolli, K.Sliwa -

PhysRevD73 2006)
• 3rd gen:ττqq (H.Sun, S.R.,K.Sliwa - not published)
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LQ at large..

Since October 2007 Simona Rolli has been on the PDG author
list as the author of the LeptoQuark minireview
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LQ Current activity

Simona Rolli  and Gabriel Dunn are updating the currently published results
with larger statistics
We do not expect to see LQ, but will be able to set higher limits before the
LHC turns on

Expectations:
β= 1  mass limit up to 250-300 GeV/c2

β = 0.5 mass limit up to 230-280 GeV/c2

Phys.Rev.D71:057503,2005 

In 2008 Gabe and I worked together for Gabe’s
undergraduate thesis. We revisited the 1st
generation analysis with CC electrons and used
twice the luminosity of the published results
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LQ Current Activity (cont’d)

• In 2009 Gabriel Dunn was hired for the Summer at Fermilab and he will come back
in January 2010 before going to graduate school

• We have kept working on 1st generation LQ→eeqq
 Signal Efficiencies:

• we used the same signal efficiencies as from the published analysis
 We have generated new MC signal using a more recent release and checked that the

efficiencies are the same (VEP meeting Feb 2009)
 Background

• We re-evaluated the Z+2 jets background as well as ttbar using the new MC (VEP meeting
September 2009)
 We did use the alpgen samples and cross section (x k-factor ~1.3)

• We re-calculated the QCD fake contribution using SS method and Iso method;
 Systematic uncertainty: we haven’t reassessed it yet, so we applied a conservatively

large stat+sys error in the calculation of the limit
 We have looked at ~2.4fb-1 data so far (October 2009, VEP meeting presentation)
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LQ Results

Plan to bless by the end of the year

October 6 2009
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LQ Plans

We are planning to produce updated limits for eeqq, eνqq,
µµqq and µνqq channels and combine the results with
the β = 0 analysis into a final CDF paper with full
statistics

Selection
1central electrons with ET > 25 GeV
MET > 60 GeV
Veto on 2nd electron, central loose or Plug
2 jets with ET > 30 GeV
Δφ (MET-jet) > 10°
ET(j1) + ET(j2) > 80 GeV
MT(e-ν) > 120
LQ mass combinations

SM background
 W +2jets
 Top (l + jets and dilepton)
 QCD/Fakes

lepton + MET + jets
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LQ Plans (cont’d)

Combined Limit

Joint likelihood formed from the product of the individual channels likelihood.
The searches in the dileptons and lepton + MET channels use common criteria and sometime apply the
same kind of requirements ( for example on lepton identification) so the uncertainties in the acceptances
is  considered completely correlated ( which gives the most conservative limit).
When calculating the limit combination including also the ννjj channel the uncertainties in the
acceptances are considered uncorrelated.

σLIM = NLIM/(εaverage×L)

εaverage = (β2ε(eejj) +2β(1-β)ε(eνjj) +β2ε(ee as eν) )                        for the 2 channels case and
εaverage = (β2ε(eejj) +2β(1-β)ε(eνjj) +(1-β)2ε(ννjj) +β2ε(ee as eν) ) for the 3 channels case.
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VEP analyses

VEP group (a subgroup of the Exotic Physics Group)
S.R.  has been a convener since May 2009 (second convener at
CERN since June, so basically flying solo)

VEP is a working group:
prepare analyses to proceed to Exotic forum for blessing. The details
needs to be solved in the VEP group;

VEP is a small group, a few analyses ongoing
Restructured meeting schedule: every other week on Tuesday, mandatory
short status report from everybody;
Larger status reports less frequently.
Planning to complete and bless by end 2010
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VEP Analyses



10/25/09 Simona Rolli, DOE site visit  2009
32

Backup Slides
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LQ Analysis strategy

• Counting experiment:
 We basically count how many events we observe in our

sample which are consistent with LQ production and its
irreducible background
 If we observe a number of events which is consistent with the

SM background expectation we will say that no LQ signal is
observed an a 95% CL limit on the production cross section will
be placed

 If we observe more events than SM prediction, we will have
found new physics …

 We define a set of cuts that we place on the sample in order to
enhance the possibility of observing signal while at the same
time reducing as much as possible the background component.
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Differences with previous analysis

Several things have changed since the previous analyses

•Ntuple format - we used eN ntuples previously but the package is not maintained
anymore (plus we did the ntuple skimming)

•we are using TopNtuple now

•MC Release - our previous analysis was based on gen5 MC
•We have regenerated the signal samples with 6.1.4mc and recalculated our
signal efficiencie
•We are also using the Top group  W+jets and ttbar samples generated with
6.1.4 (alpgen samples)

•These are the major changes, essentially in the infrastructure
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Analysis cuts

Selection
 2 electrons (CC,CF) ET > 20 GeV
 2 jets, ET(j1) > 30 GeV, ET(j2) > 15 GeV
 Z Veto (76 < Mµµ < 110) GeV
 Electrons/Jets: ET 

j1(e1) + ET
j2(e2) > 85 GeV

 ( (ET(j1) + ET(j2))2 +  (ET(e1) + ET(e2))2 ) 1/2  > 200 GeV

SM background
Drell-Yan+2jets
Top (dilepton)
QCD/Fakes


